Abstract: Mexico needs to exploit its renewable resources and many studies have determined the great renewable potential it has using wind energy. However it is necessary to calculate the amount of this resource for small urban communities, which in this country lack essential services such as electricity. This study is focused in the Baja California Peninsula, using GIS as a tool to identify small urban zones with higher wind power. For this work data was analyzed from meteorological stations and recorded every 10 min for two years (2012)(2013)(2014). Weibull distribution, linear regression, kriging interpolation, power and energy output and useful hours were calculated for each station. It was found that the total energy generated is 38,603,666 kWh per year and the mean of useful hours is 5220 h per year for the whole Peninsula. Maps of Wind Power Density (WPD) show a good power per square meter, GIS shows the areas with the most wind power where it can be used i.e., the state of Baja California wind power can generate electricity for 12% of those communities, meanwhile for Baja California Sur, the electric power generation could electrify almost 25% of the total of small urban communities.
Introduction
Developing countries face different problems; one of them is electricity, correlating with better education, social security and health services. In Mexico, dependence in crude oil generates economic problems however, with the structural reforms done by government RES could have less dependence on crude oil [1] . According to the World Bank, Mexico has 62% of its rural population in poverty, but its access to electricity is 97.2%, while urban population access to electricity is 99.6% [2] . Its electricity production from coal represents 11%, oil 16%, gas 56%, nuclear 4%, hydroelectric 9%, geothermal 2% and wind 1% and other sources 0.5% [3] . By Renewable Energy Sources (RES) wind energy and solar energy increased in 2013, 53.6% and 15% respectively, meanwhile biogas and geothermic energy decreased 1.6% and 1.1% respectively [4] . In 2008, the Mexican government reformed its energy law which would open the electricity sector to the private market, currently CFE (which is the government office of electricity and still controlling the Mexican power market to transmit, distribute and supply energy [5] ), established that in 2018, 2021 and 2024, the 25%, 30% and 35% respectively, the electric generation will come from RES [6] . Wind power generation in Mexico has grown slowly, although the cost of the wind turbines has declined largely due to technological development, which has been an incentive for the development of renewable energy. [7] indicates that manufacturers of wind turbines have reduced the cost of generation by implementing new manufacturing techniques using best engineering tools, as well as improving design, which provides a technological challenge to achieve a greater amount of wind power and increased system reliability, in order to deliver to the consumer,
Materials and Methods
Some small urban communities in Mexico are in isolated areas, without the essential services such as roads and electricity. The Baja California Peninsula consists of two states, Baja California and Baja California Sur, the first having 3,155,070 people; around 853,254 households in which 98.5% have electricity and its small urban population is 8%. Baja California Sur has 637,026 people, 174,441 households, 96.7% of them having electricity and 14% is its small urban population [34] .
Data
In spite of the ever-increasing network of meteorological stations around the world, the availability of solar radiation data is still limited for many applications in terms of spatial distribution [35] . Consequently, it is widely accepted that global solar radiation data derived from satellites are an excellent tool for analyzing solar resources and for supplying time series of solar irradiation [36, 37] . This application was demonstrated by Pedro and Coimbra [38] , who evaluated techniques to prognosticate solar potential using nonexogenous data. Wind assessment [16] demonstrated data validation between recorded and satellite data, showing that it could get 98% of correlation between these variables.
Data recorded from 2012 to 2014, every 10 min, were extracted from 17 Automatic Meteorological Stations (AMSs) and 7 Synoptic Automatic Meteorological Stations (SAMSs) from National Meteorological Service of Mexico (NMS) [39] and extrapolated at a height of 50 m. An AMS and SAMS, consists of a group of sensors that record and transmit weather information automatically from the areas where they are strategically placed. Its main function is the collection and monitoring of meteorological variables such as wind direction and speed and generates files on an average of every 10 min of all the variables. This information is then sent via satellite at intervals of 1 or 3 h per meteorological station and data is gathered at 80 points by means of monthly recordings obtained over a period of 22 years up to 2014, taken by the Surface Meteorology and Solar Energy (SMSE) who described that data was obtained from the NASA Science Mission Directorate's satellite and re-analysis research programs. Parameters based upon the solar and/or meteorology data were derived and validated based on recommendations from partners in the energy industry. This source is from the Atmospheric Science Data Center (ASDC) from NASA at a height of 50 m, data which was also used [40] .
Data treatments were made for whole data series, first of all establishing missing data, to fill gaps an application was developed, then an interpolation model calculated and applied it to the data time series, i.e., the AMSs Bahia Los Angeles, January 2012. This application finds missing data, comparing the hour and day and separates them, then runs an interpolation model and finally calculates the missing data. This method completes a time series, Figure 1 shows schematically this algorithm.
To determine data quality has been calculated the correlation coefficient, Root Mean Square Error (RMSE), Bias, SD and R-Square between AMSs vs. SAMSs vs. SMSE.
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Linear Regression Data at the Baja California Peninsula
Linear Regression is commonly used in wind speed assessment, because it is a rather simple and relievable method. In this work, it is used to fit linearly AMSs vs. SMSE and SAMs vs. SMSE data where a linear function is fitted to the available data according to Equation (1) .
Parameter α and β can be determine by setting wind speed from reference data as x-values and measured data as y-values, expressed in Equation (2).
RMSE accordingly [41] can be expressed in terms of bias and the variance of error, these variables would use to calculate the error between AMSs, SAMSs vs. SMSE.
As shown in Figure 3 the small urban communities are distributed through the Baja California Peninsula, however in the north of Baja California State most of the cities are concentrated, by other hand in Baja California Sur cities are settled down along it. There are around 2500 small urban communities on the Peninsula and are distributed as shown in Figure 2 . It can be observed that they are concentrated in the north, next to the US border, meanwhile in the state of Baja California Sur, the small urban communities are extended along its length.
As shown in Figure 3 the small urban communities are distributed through the Baja California Peninsula, however in the north of Baja California State most of the cities are concentrated, by other hand in Baja California Sur cities are settled down along it. 
Wind Assessment at Baja California Peninsula

Wind Speed
The Baja California Peninsula presents a good wind regime. In 2004 a study was done by [42] and established that in Baja California Sur, specifically in El Cardon, wind power could be around 700 kW, even in this study there is not an assessment for small urban communities. For each selected site, a complete five-year data recording was extracted.
Wind Power Density
The frequency of occurrence of wind speeds may be described by the probability density function, p(U), of wind speed. In Equation (3), the probability density function may be used to express the probability of a wind speed occurring between Ua and Ub: 
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Also total area under the probability density curve is given by Equation (4).
If p(U) I known, the parameters can be calculated, mean wind speed, U, Equation (5).
Standard deviation of wind speed, σ U , it is defined by Equation (6).
Equation (7) shows the mean available WPD P/A [43] .
Weibull Distribution
The Weibull distribution provides a close approximation to the probability laws of many natural phenomena. It has been used to represent wind speed distributions for application in wind loads studies for sometime [42] . Two probability distribution functions are commonly used for wind speed. The simpler of the two is the Rayleigh distribution, which has a single parameter c and velocity of the wind (V), see Equation (8) .
The Weibull distribution has a parameter k called shape parameter and parameter c scale parameter, k describes the variability about the mean and c is related to the annual mean wind speed as seen in Equation (9) .
Power and Energy Output
Data were extrapolated at the 50 m height so the magnitude of power output at different hub heights could be calculated, it was important to assume that the gross turbine power output depends on three factors: the turbine's power curve, the wind speed at hub height and the air density. For a stall-controlled wind turbine, the power output predicted by the power curve for the measured wind speed must be calculated and then adjustments made to the power output, according to the Equation (10). where, P 0 is the power output predicted by the power curve for the wind speed in the current time step (kW), is the actual air density in the current time step (kg/m 3 ), 0 is the air density at which the power curve applies (kg/m 3 ). The mean net power output can be calculated using Equation (11), this equation takes the mean gross power output for each month and the gross power output of the wind turbine in each time step.
where, P gross is the mean gross power output before losses [kW] and f overall is the overall loss factor. The mean net power output for each month of the year and for the entire data set were used to find the mean net energy, it multiplied these values of mean net power output by the appropriate number of useful hours in order to find the turbine's annual output, Equation (12).
Useful Hours
The mean net energy output must be calculated, multiplying by the useful hours of wind speed; this amount of useful hours is calculated excluding the time series of wind speed above 2.5 m/s during a day.
Wind Speed and WPD Maps GIS-Based
In general, GIS can represent both wind speed and WPD, however GIS displays a spatial interpolation because does not consider any topography in this case, small urban communities were considered without roughness due to the topography of these areas.
Kriging estimators [44] belong to the class of the Best Linear Unblased Estimators (BLUE). Kriging are minimum variance estimators and yield, within the class of the linear estimators. Two of the most used Kriging models are the Ordinary Kriging (OK) and Universal Kriging (UK). The basis of the hypothesis in the UK is that is it possible to write the trend function as a linear combination of elementary functions, which are generally monomial. The weights of this combination are called drift coefficients. The UK yields their estimates with the minimum overall variance of the combined estimate of the trend function and of the small scale variability. Data was interpolated using the Kriging method from ArcGIS v10.2 and this method assumes that the distance, or direction between the sample points, reflects a spatial correlation.
Results
Data Validation
Data analysis is the basis for investigations in wind speed assessment, most of the data fulfilled the control procedures, however, data from certain stations was removed. Next, the stability of wind speed was assessed through statistical analyses. Data from AMSs and SAMSs are named as fixed sensors, to correlate SMSE vs. AMSs and SAMSs data, there was a consideration, SMSE location were selected at the same position as AMSs or SAMSs. Input data as well as fixed sensor as satellite are monthly data during a year.
R-square identifies the linear fit between two variables, in this case AMSs and SMSE, or SAMSs and SMSE data were aligned, the values registered having a range of 0.61 to 0.96. San Quintin has a R-square of 0.96, Bias = 0.258, SD = 0.451 and RMSE = 0.07969. The lower value La Rumorosa has a R-square of 0.61, Bias = −0.065, SD = 0.533 and RMSE = 0.3052; even though R-Square is low, Bias, SD and RMSE are close to 0 which means the fit has few errors between data, see Table 2 . 
Weibull Distribution
Weibull parameters k and c were calculated for 24 meteorological stations along the Baja California Peninsula, Table 3 shows these parameters. The AMSs San Felipe in Figure 6 registered the higher mean wind speed, shape and scale parameters, 8.04 m/s, 2.62 and 9.05 m/s, respectively; shape parameter could be used to determine how good is the site analyzed, in this case shape factor can be assumed as a good site to exploit wind speed, scale parameter shows the useful wind speed; the lower mean wind speeds were 2.45 m/s belonging to AMSs Gustavo Diaz (see Figure 5 ), even its shape and scale parameter are not the lowest, 2.17 and 2.76 m/s, respectively. In general, it can be observed that the scale parameter along the Baja California Peninsula has a good wind regime, in particular Baja California Sur has a better wind regime than Baja California. The higher value of k, such as 2.62 of AMSs San Felipe, indicates a site where the variation of every minute mean wind speed about the annual mean is small; the lowest k parameter in this study is 1.23 at AMSs Bahia Angeles, Figure 4 , which means a greater variability about the mean. Some sites showed problems fitting Weibull, the first one due to the interpolation made: If the time series had many gaps, then the interpolation could be filled out with the best statistic value; the second was the site itself. The statistical distribution of wind speeds varies from place to place throughout the world, depending upon local climate conditions, the landscape and its surface. The Weibull distribution may thus vary both in its shape and in its mean value, i.e., Figure The AMSs San Felipe in Figure 6 registered the higher mean wind speed, shape and scale parameters, 8.04 m/s, 2.62 and 9.05 m/s, respectively; shape parameter could be used to determine how good is the site analyzed, in this case shape factor can be assumed as a good site to exploit wind speed, scale parameter shows the useful wind speed; the lower mean wind speeds were 2.45 m/s belonging to AMSs Gustavo Diaz (see Figure 5 ), even its shape and scale parameter are not the lowest, 2.17 and 2.76 m/s, respectively. In general, it can be observed that the scale parameter along the Baja California Peninsula has a good wind regime, in particular Baja California Sur has a better wind regime than Baja California. The higher value of k, such as 2.62 of AMSs San Felipe, indicates a site where the variation of every minute mean wind speed about the annual mean is small; the lowest k parameter in this study is 1.23 at AMSs Bahia Angeles, Figure 4 , which means a greater variability about the mean. Some sites showed problems fitting Weibull, the first one due to the interpolation made: If the time series had many gaps, then the interpolation could be filled out with the best statistic The AMSs San Felipe in Figure 6 registered the higher mean wind speed, shape and scale parameters, 8.04 m/s, 2.62 and 9.05 m/s, respectively; shape parameter could be used to determine how good is the site analyzed, in this case shape factor can be assumed as a good site to exploit wind speed, scale parameter shows the useful wind speed; the lower mean wind speeds were 2.45 m/s belonging to AMSs Gustavo Diaz (see Figure 5 ), even its shape and scale parameter are not the lowest, 2.17 and 2.76 m/s, respectively. In general, it can be observed that the scale parameter along the Baja California Peninsula has a good wind regime, in particular Baja California Sur has a better wind regime than Baja California. The higher value of k, such as 2.62 of AMSs San Felipe, indicates a site where the variation of every minute mean wind speed about the annual mean is small; the lowest k parameter in this study is 1.23 at AMSs Bahia Angeles, Figure 4 , which means a greater variability about the mean. Some sites showed problems fitting Weibull, the first one due to the interpolation made: If the time series had many gaps, then the interpolation could be filled out with the best statistic 
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Wind Speed Assessment at the Baja California Peninsula
The power and energy output at the Baja California Peninsula by AMSs and SAMSs were calculated as done by [16] and in this paper a wind turbine model has been used, when trying to adapt the meteorological variables to small urban areas, then the characteristics of wind turbine are, 54 m of rotor diameter; rated power of 750 kW and the overall loss factor of 17.7%, the results are shown in Table 4 . The lowest mean net power and energy output are 35.8 kW, 313805 kWh/year respectively, this amount of power and energy was at AMSs Gustavo Diaz Ordaz, located in the middle of the Peninsula on a plain, its wind features are 3.2 m/s as mean wind speed and the highest data wind direction frequency is 270 • to 315 • (Northwest), the useful hours calculated are 3450 h/year. SAMSs. San Felipe has the highest mean energy output equal to 4,743,499 kWh/year, even though the amount of useful hours is not the highest, it has 5225 h per year, which could represent a large capacity of power generation. It is noteworthy that the mean of power and energy generation of the entire Baja California Peninsula are 183.6 kW and 1,608,486 kWh per year, the total power and energy generation are 4406.7 kW and 38,603,666 kWh per year, respectively.
Wind Speed and WPD Maps
Maps consider data from AMSs, SAMSs and 80 points from SMSE to represent Kriging interpolation, these 80 points are along the peninsula to avoid interpolation problems. As a result of this interpolation, the maps will show zones with higher wind resource, the interpolation includes only small urban areas at the Peninsula, the rest of the territory has complex terrain which not include small urban zones, see Figures 8-15 .
The wind resource is well distributed along the Peninsula, however the zones with most wind power are located in the middle and south of it. It can be observed that the seasonal wind distribution, i.e., January, February (Figure 8 ) and September (Figure 10 ) are the months with the lowest wind resource in respect to other months. Figure 11 shows annual resources and it can be seen that the north is the zone with fewer wind resources, with values from 1.9 to 3 m/s, but can be used for stand-alone wind turbine or water pumps. WPD is shown in Figures 12-15. Energies 2016, 9, 805 12 of 24
i.e., January, February (Figure 8 ) and September (Figure 10 ) are the months with the lowest wind resource in respect to other months. Figure 11 shows annual resources and it can be seen that the north is the zone with fewer wind resources, with values from 1.9 to 3 m/s, but can be used for standalone wind turbine or water pumps. WPD is shown in Figures 12-15 . Figure 15 , shows that the area in the middle of the Peninsula is another zone with good potential, both areas having above 400 W/m 2 . There are few zones with low potential, these areas having 28 to 59 W/m 2 . Figure 15 , shows that the area in the middle of the Peninsula is another zone with good potential, both areas having above 400 W/m 2 . There are few zones with low potential, these areas having 28 to 59 W/m 2 .
The small urban communities with good wind potential represent around 10%, most of which are in Baja California Sur and are located along its length; however, communities at Baja California with high wind resource are located to the north, the other communities with lower wind potential could use wind power for small wind mills or water pumps. The small urban communities with good wind potential represent around 10%, most of which are in Baja California Sur and are located along its length; however, communities at Baja California with high wind resource are located to the north, the other communities with lower wind potential could use wind power for small wind mills or water pumps. 
Wind Speed, Power Output Generated and Useful Hours
The relationship between wind speed, power output and useful hours gives accurate information of wind as a resource and it is necessary to show this relation in Figures 16-19 . 
The relationship between wind speed, power output and useful hours gives accurate information of wind as a resource and it is necessary to show this relation in Figures 16-19 . There are two important variables made when assessing wind speed: how much power is generated and the amount of useful hours for wind turbine. In Figure 16 it can be observed that Bahia Angeles has more than 2.5 MW and its useful hours are between 10 h and 24 h per day, Playas Rosarito and Tecate also have good wind characteristics, more than 1 MW and 15 useful hours.
In Figure 17 , stations analyzed in Baja California Sur show that the amount of power is pleasing, Cabo San Lucas has more than 3.5 MW, Todos Santos, Bahia Loreto and Cabo Pulmon more than 2.5 MW each with 24 useful hours per day; only Gustavo Diaz Ordaz does not have good power generation because its power is less than 0.25 MW and its useful hours do not represent more than 1600 h/year (see Table 3 ) or 11 h per day.
In Figure 18 , SAMSs at Baja California show good potential, Ejido Nuevo Leon has around 2.5 MW and 5290 h per year (see Table 3 ). SAMSs at Baja California Sur, Figure 19 , shows that La Paz has almost 3 MW at 12 m/s and 5584 h per year (see Table 3 ) and Santa Rosal at 9 m/s can generate 1.2 MW and has 5674 h per year (see Table 3 ).
Discussion
The study illustrates the results of energy generation in the Baja California Peninsula, Mexico. The energy produced in small urban communities can contribute to the currently installed capacity in the country and in the renewable target plan for 2024.
At the Baja California Peninsula almost 5.13% of small urban communities are not electrified [21] with around 2500 small urban communities. The results of this study of wind power assessed in whole Peninsula would export 4407.6 kW or 38,603,666 kWh per year to the grid. Another necessary variable within wind assessment is the number of useful hours for the whole peninsula, with the mean at around 5220 h/year.
If analyzed separately, the peninsula on one side of Baja California presents results for the Weibull distribution of an AMS and a SAMS over 2 in its shape parameter, La Rumorosa and San Felipe respectively. The total net power and energy outputs are 1903.2 kW and 16,672,682 kWh per year respectively and the mean of useful hours is 5163.7 h/year. Meanwhile, Baja California Sur has higher wind resources, its total net power output is 2503.5 kW and the total net energy output is 21,930,984 kWh per year; respecting useful hours, it has 5370.8 h/year as mean which represents the south of the peninsula as having higher resources, however is important to mention that the most of the population is concentrated to the north.
WPD maps show good power resources per square meter and shows the areas with the highest wind power the area would correlate with the small urban zones as its user, i.e., the Baja California There are two important variables made when assessing wind speed: how much power is generated and the amount of useful hours for wind turbine. In Figure 16 it can be observed that Bahia Angeles has more than 2.5 MW and its useful hours are between 10 h and 24 h per day, Playas Rosarito and Tecate also have good wind characteristics, more than 1 MW and 15 useful hours.
If analyzed separately, the peninsula on one side of Baja California presents results for the Weibull distribution of an AMS and a SAMS over 2 in its shape parameter, La Rumorosa and San Felipe respectively. The total net power and energy outputs are 1903.2 kW and 16,672,682 kWh per year respectively and the mean of useful hours is 5163.7 h/year. Meanwhile, Baja California Sur has higher wind resources, its total net power output is 2503.5 kW and the total net energy output is 21,930,984 kWh per year; respecting useful hours, it has 5370.8 h/year as mean which represents the south of the peninsula as having higher resources, however is important to mention that the most of the population is concentrated to the north. WPD maps show good power resources per square meter and shows the areas with the highest wind power the area would correlate with the small urban zones as its user, i.e., the Baja California wind power can generate electric energy for around 12% of the communities, meanwhile in Baja California Sur the electric power generation could electrify almost 25% of small urban communities.
Finding the highest electric consumption by zone or by city could, by trying to determine the wind periodicity and wind direction for each location, create electricity for small urban communities could be researched in the future.
Conclusions
Electricity in Mexico has been a problem and where developing countries have 100% of urban zones electrified Mexico itself has only 98.7%, requiring major effort in achieving a higher percentage. The new energy reforms have opened the market to private investors, however some assessments must done across whole country. It is shown in this paper that wind at the Baja California Peninsula has a higher potential to participate in transmission, distribution and supply of electric energy to small urban zones. The north and the south of the Peninsula has the highest intensity of wind as well as WPD and it is in this zones that there the highest concentration of urban population. It would be interesting to research further in order to demonstrate higher consumption of electricity vs. the renewable energy extraction at the same time.
Fitting time series using an algorithm is a useful tool to fill gaps, it could be used to forecast meteorological variables such as wind speed, this algorithm draws graphs in order to determine data trends and choose the best option to data fit.
This work is an analysis of wind characteristics of Baja California Peninsula; as not enough wind sensors were installed in Mexico, satellite wind data was used in order to prove the relation between an R-square, Bias, SD and RMSE analysis, the results of which determined advantages to regions without enough wind sensors.
